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(57) The present invention relates to methods and

lest kits lor the amplification and detection of nucleic ac-

ids from human immunodeficiency virus (HIV) type 1

and/or type 2. The methods use multiple pnmer sets to

amplify all subtypes of HIV-1, including group M and

group O isolates, and all subtypes of HIV-2.
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(g) SEQ ID NOS.: 15, 16, 18, and 20; and

(h) SEQ ID NOS.: 15, 16, 19, and 20.

acid A sample suspected of containing any HIV nudes *»«^"™~
in NOS t 2. 3. 4. 7. and 8 and al least

1 and HIV-2 nucleic acids are amplified.

AHpuWications mentioned herein are hereby incorporated by reference.

HFTAILED DESCRIPTION OF THF INVENTION

Thedevelopmentofaco-amp.^^^
subtypes 01 HIV-1 and HIV-2 is an extreme challenge f^^ }̂̂ ^ between at least 8-1 0 primers,

level between MMdual isolates. (2) the need to m.n.m.ze
0) the need to specifically detect

as side product formation will reduce assay sensrtmty^^^^So,, wjth a probe internal to the am-

the amplified products, which ideally should be done g^S

^

repaJ patient specimens and

plification primers and (4) the need to control for wh
J^

p"s^^n
"

overcome these obstacles

also inefficient recovery of target nucleic acd rom sampteW^Jg™^, and HIV-2 nucleic acids,

and arrived al the present invention relating .o the amp.^ and/o
'

«
are jb)e wjtn eacn other

,nthe present invention, primer sets have been devefcped ^ detect all

P
sequenced isolates of

and can. therefore, be combined to form a complex

H.V-t andHIV-2. With the methods ofthepresenin^ ^ atjon and

amplify and detect both HIV-1 and HIV-2 targe nucle.c ac,ds wtf. a °
control (IPC) that

detection can be carried out in a muttip.cxed fash.on^"*^!^^an** detect™,

signals false negative results due to problems ,n
acids. Oligonucleotide primer

The present invention relates to methods for amplrfy.ng ^ ifjcally amplify target nucleic

invention, primer sets are selected from the following oligonucleofdes:

HIV-1

LTR Region Primers;

GACCAGATCTGAGCCTGGGAGCT (SEQ ID NO. 1)

CTGCTT.

GGG

TGTTC

AAGCCTCAATAAAGCTTGCCTTGA (SEQ ID HO. 2)

TCTGAGGGATCTCTAGTTACCAGAGT (SEQ ID NO. 3)

GGGCGCCACTGCTAGAGA (SEQ ID NO. 4)

s

POL Region Primers:

TCGGGTTTATTACAGGGACAGCAGAGA (SEQ ID NO. 7)

CTTGTATTACTACTGCCCCTTCACCTTTCCA (SEQ ID NO. 8)

,„ the methods of the present invention. H,V-t target^^^^^^^
suspected of containing HIV nucleic acids with a pr.mer set compns.ng al leasl o.,go

suitable for use in the present invention include, but are not l.m.ted to

(a) SEQ ID NOS.: 1, 3, 7, and 8;

(b) SEQ ID NOS.: 1,4,7. and 8;

(c) SEQ ID NOS.: 2, 3, 7. and 8; and

(d) SEQ ID NOS.: 2, 4. 7. and 8.

Preferred primer sets are:
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10

fences*m over*, a oo^ p-.
-J-^^^^^^^"^

maximijes strain sensitMy and robustness o( the amp „ ^ms. such as oreater

sence of the amplified H.V target can be detected usmg known^^^^J^Zi HI V-1 or HIV-2 target

nucleic acid can be detected using one or^/^'^^J^S WOu?d be suitable to detect the

nucleic acid. Those skilled in the art can readme^.^^y^^oiiBonucIeolide probes suitable

amrtiif.nH HIV-1 and/or HIV-2 target nucleic acid depending on the primer seu, ut>eu y

foTuse inr PresenUnvention
include, but are not limited to the following o.igonucleot,des:

HIV-1

is ltR Region Probes

20

25

30

CAACAGACGGGCACACACTACT (SEQ ID NO. 5)

GAACAGATGGGCACACACTGCT (SEQ ID NO. 6)

POL Region Probes:

AGCTTTGCTGGTCCTTTCCAAAGTGGG (SEQ ID NO. 9)

AGTTGTGCCGGTCCTTTCCAAATTGGG (SEQ ID NO. 10)

HIV-2

ENV Region Probe:

TGGACGTGGTCAAGAGACAACAAGAA (SEQ ID NO. 13)

LTR Region Probe: »

35 CCACGCTTGCrrGCTTAAAGACCTC (SEQ ID NO. 17)

POL Region Probes:

CCAAAAATAGTAGGGGGAATAGGGGGATTC (SEQ ID NO. 21)

40 CACCCCAAAAATAGTAGGTGGGATAGGAGGG (SEQ ID NO. 22)

Preferably, the amP,«ied^

9, and 10, with any of the lo.low.ng combinations. SEC^^J^Si, isolates when probing in regions that

are necessary to delect all known isolates with high sensHivrty
are fte we| ,

The general principles and conditbns for amplrf.cat.on and detection
,

of 9
Mu)|is et al)t

known, the details of which are provided in numerous
Thus, in view of the

material containing nucleic acids that can be detected.
deoxvribonucleotides or ribonucleotides,

The term "oligonucleotide" refers to a molecule comprised of one or more deoxynoonuc

such as primers, probes, and nucleic acid fragments to be detected.
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i u • o«> „™irind and used in PCR in suitable concentrations to provide amplifi-

The PCR reagents deserted herein are Prov^ a^
cationofthetargetnucleicacid.Them^ nown the art ^ minimal amount

^-triphosphates needed for amplificat™ abou< 2 10 25 UnitS'1 °° ^
of DNA polymerase is^^^Jr^0^^^^ of solution being more preferred. Other amounts

of solution being preferred, and from aboul 7 o atnu t»
«JJJ^£ amount of enzyme activity requ.red to

may be useful for given ampl.ficat.on systems. A un.t is det.neo ner
at^ Jhe

incorporate 10 nmoles of total nucleotides
from about 0.1 to about 2

polymerase. Antibodies can be used to inhibit the polymerase prior^« polymerase at

Kntion are specific for the thermostable DNA polymery ^ monodonal

temperatures below about 50°C, and are debated *^^tZ^y is monodonal. The antibodies useful

antibodies, polyclonal antibodies and antibody fragment^ Prele^^^^

in the present invention can be prepared using known methods such as those oe

A Laboratory Manual, Cold Spring Harbor, NY
(J

988)-
338 6?1 (Scalice el a|.), lhe contents of

Representative monoclonal antibodies are descr.bed in U.S. P^Na 1

*

obtained by a skilled artisan

which are hereby incorporated by reference. Two^JT^^^^^ ^11126 or 11127,

using conventional procedures, and starting mater,als mclud ng e-ther of hyor,

(
^ ^

deoosited with the American Type Culture Collection (ATCC) (Rockvine, muj.—- <rom about *1 .0 abou, 600:t mola,,*»•^*"3T- ,hos0 in U S. P.tcn, No.

Amplified nucleic acids can bo detected >t a number °'^^'""^lad using Southern blotting, dot blot

4.965.1M (GCand e. at). Fo, example, the amplrfe nu ac«*^^Xna.W,. amplification can be

,abeled tor detection and can be direct,, o,

J n4SS p3.,s -ed to amplX, ma target

o, attached to a solid support. In another prelerredr5*™2£^Z!ttog p,Lr extension product Into which

nucleic acid is labeled, lor example, wnh a spec*thnd ng^™
„, ,he amp ,ifed target hybridized

the labeled primer has been inco-po-aled can M°^££*£2£„ la^ed amplified target ushg suitable

biotin and the biolinylaledampliliedlargel nucleic^™^^"£^^X*P<*™°<>I™<»^-
targets are then detected by contacting them a««^*^*^

nTtsatul dyeing reagents in-

'"^Cin^on" to time the term -abcuf ,.,ere to * 1« -« time limit. When usM *

' 'rn
™gPE~a,e~r

construed as limiting the invention.

so

ss

EXAMPLES

Materials and Methods:

Recombinant DNA polymerase from Thermus aquaticus was prepared using known procedures, such as that

oJTdt EP-A-0^l^, and had an act,«y
u n̂ own starting materials and pro-

The primers and probes used in the following^^^T^ntheSr using standard phosphoramidite

cedures using an Applied Biosystems Mode.

chemistry andthe AB1 1u molar scate.fast!^fa*t^^^^ primers had the sequences identified

controlled pore glass supports were obtamed from Applied Biosystems. me pr
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interactions with other potential primers and probes.

Initially, the following 11 primers were selected for testing:

GACCAGATCTGAGCCTGGGAGCT , 23-mer (SEQ ID NO. 1)

GACCAGATCTGAGCCTGGGAGCTC, 24-mer (SEQ ID NO. 23)

CTGCTTAAGCCTCAATAAAGCTTGCCTTGAG, 31-roer (SEQ ID NO. 24)

CTGCTTAAGCCTCAATAAAGCTTGCCTTGA, 30-mer (SEQ ID NO. 2)

GGTCTGAGGGATCTCTAGTTACCAGAGT, 28-mer (SEQ ID NO. 25)

GGGTCTGAGGGATCTCTAGTTACCAGAGT, 29-mer (SEQ ID NO. 3)

GGGTCTGAGGGATCTCTAGTTACCAG , 26-mer (SEQ ID NO. 261

TGTTCGGGCGCCACTGCTAGAGA, 23-mer (SEQ ID NO. 4)

TCGGGTTTATTACAGGGACAGCAGAGA, 27-mer (SEQ ID NO. 7)

GTATTACTACTGCCCCTTCACCTTTCCA, 28-mer (SEQ ID NO. 27)

CTTGTATTACTACTGCCCCTTCACCTTTCCA, 31-mer (SEQ ID NO. 8)

the 3' end of the primer or both. SEQ ID NOb. l ana m represent u r

^,rn=^^^
temperature d 6e'C. making this combination a less pteteraMe primer set Aside irom in* «» v

no visible side products wore observed at either I™eal«»end
anneal/extend temperatures.

testing was carried out with SEQ ID NO. 27.
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considered when designing the HIV-2 primers was minimization of potential interactions with candidate primers for

both HIV-1 and HIV-2. The initial set of HIV-2 primers tested is listed below:

CCGGGATAGTGCAGCAACAGCAACA (SEQ ID NO. 11)

CGGGATAGTGCAGCAACAGCAACAG (SEQ ID NO. 28)

CCCCAGACGGTCAGTCGCAACA (SEQ ID NO. 29)

CCCAGACGGTCAGTCGCAACA (SEQ ID NO. 12)

GGGAGGTTCTCTCCAGCACTAGCA (SEQ ID NO. 14)

CCCTGGGAGGTTCTCTCCAGCA (SEQ ID NO. 30)

GAGCCCTGCGAGGTTCTCTCCA (SEQ ID NO, 15)

GCGACTAGGAGAGATGGGAACACACA (SEQ ID NO, 16)

CTGTTCGGGCGCCAACCTGCTA (SEQ ID NO, 31) .

CTGCACCTCAATTCTCTCTTTGGAAAAGACCAGTA (SEQ ID NO. 32)

GCACCTCAATTCTCTCTTTGGAAAAGACCAGTA (SEQ ID NO, 33)

TAGACACAGGGGCTGACGACTCAATAGT (SEQ ID NO. 18)

CACAGGGGCTGACGACTCAA7AGTAGCA (SEQ ID NO. 19)

GCCAAAAATGTTGATTGGGGTATCTCCTGTCATTA (SEQ ID NO. 20)

GCCAAAAATGTTGATTGGGGTATCTCCTGTCA (SEQ ID NO. 34)

To prepare HIV-2 DNA, 10E8 cells infected with HIV-2, strain Hut78 NIH-Z, were treated «tth SDS

K folbwed by phenoUchloroform extraction and ethano. precipitation the resultant extract was resuspended .n 10mM

TRir.S2

H

p

8
;^'iStS—» me »«V ,0»m SM9 p,CUC,s rift H,V., p*« SEQ ,D NOS. ,

2, 3, 26, 4. 7, and 8 under two separate amplification profiles:

(1 ) 40 cycles with an anneal/extend temperature of 68 °C. and
tomnprature

2 5 cycles with an annea^extend temperature of 62 'C followed by 35 cycles w.th an anneatfextend tempore

of 68 "C The second profile was chosen for testing to determine wh.cn pnmer sets could mm

Srmatton under condLs that minimize the effects of target mismatches. Any pnmers wh,ch termed st^ngj»to

S^Uita*n assay. The onhy two primers which were discarded due to^s cntenon were SEQ

ID NOS. 30 and 31. The rest of the primers were narrowed down based on a^*^J^ 1^"
was chosen over SEQ ID NO. 34 due to a much lower level of side products formed by SEQ ID NO. 20 with.HIV

Tprim^°s SEQ ID NOS. 11 and 12 were chosen over SEQ ID Nos. 28 and 29 because the former produced le s

i5e products and also conformed better to established criteria. SEQ ID NOS. 32 and 33 were dropped due to

ItiIX£ amplified with either SEQ ID NOS. 20 or 34 under amplification concflUon 2.

2 pr^er sets (SEQ ID NOS. 11/12
;
14/16, 15/16, 18/20 and 19/20) all ampl.fy extremely well and g*. var>

-

v.s.b.e

oeTbands at 10 copies of HIV-2 target per reaction in a system which includes the followmg pnmers. SEQ ID NOS.

f3 7 and EUeacJ
0
'4 pm) IPC-F1 (0.2 urn) and IPC-R1 (0.2 urn). There is very little side product formation by

^tt^Z iystems L« amplification condign 1 from above

side product formation when amplification condilion 2 is employed, bul the spec.f.c products are sl.ll very v.s,ble

on a gel.

Probe Selection:

When dealing with highly divergent genomes such as HIV-1 and H.V-2, it is often djficult to

that are conserved enough to allow for amplification of each region with two primers and detect.on

a single oligonucleotide probe. In systems in which the product length needs to be minimized, this problem,
>

e«cer

totedtotpoint of ma^ngthetasMmpossibleunless the stringency ofP^*^ to^^£2
specificity may be compromised. To avoid this problem. Applicants have developed a system .n wh.ch multiple probes

are utilized to allow detectton of all known sequence variants without compromising assay specificity.
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5 ' -AGTTGTGCCGGTCCTTTCCAAATTGGG (SEQ ID NO. 10)

HIV-2 POL products:

CCAAAAATAGTAGGGGGAATAGGGGGATTC (SEQ ID NO. 21)

CACCCCAAAAATAGTAGGTGGGATAGGAGGG (SEQ ID NO. 22)

HIV-2 LTR products:

CCACGCTTGCTTGCTTAAAGACCTC (SEQ ID NO. 1"7)

HIV-2 ENV products:

TGGACGTGGTCAAGAGACAACAAGAA (SEQ ID. NO. 13)

Five culture amplified HIV-1 isolates were tested including prototypical group M and group O isolates. All the co-

ampSSTta^SS tested included the SEQ ID NOS. 7/8 primer set and an internal positive control P™jrt*
dmpl.licat.on sys e ^ ^ H|V. ^ pnmer sets detected

I ofais
"

ted S^a Xetget SnAs demonstrated that the SEQ ID NOS. 2/3 and 2/4 primer sets were

fhe most sensitive LTR primer sets. The SEQ ID NO. 2/4 primer set appeared most sensHive for the h.ghly divergent

9r°U

T
P

w° Sorcnt culture-amplified H.V-2 folates .ore a.so tested to assess the performance of various HI^2 primer

sets All reactions included the SEQ ID NOS. 11/12 and the IPC-F1/R1 pnmer sets and one of 4 LTR- or P°^Pecrf c

aUhe S he a geffeve.s tested. H,V-2 target di.ution suggested that the LTR primer sets were the most sensmv

.

ciimoanzee v°u^TH.VVCPZgab. These results demonstrate the improvement observed through the use*^ d*ec-

^^£T.hole target. In the case of the African patient cell pellets described above, all three HIV-1 systems

?FoTn NOS 2/3 2/4 and 7/8) tested posrtively; however, the SEQ ID NO. 2/3 system appeared to be the most

£SS^in^ZeLL, whilethe SEQ ID NO. 7/8 set appeared to be the least sensitrve, detect.ng only 1

out of 2 replicates at the highest level of target DNA tested.
Thh «mole was also

One oHhe 12 culture-amplified HIV-2 isolates tested negative for all pnmer•^^^^'^^12
neaative with the control primer set used in the lab, suggesting that there may have been no HIV-2 DNA in the^sample

SIZ toZ that some HIV-2 isolates do not curture well). The other 11 isolates were posttrve wfr the
,

ENV _pnm.r

set and btfh LTR primer sets. In contrast, the SEQ ID NOS. 18/20 and 19/20 sets missed 2 out of 11 and 1
out of 11

'Awhile the foregoing invention has been described in some detail for purposes of clarity anc

'

be dear to one skiL in the art from a reading of this disdosure that various changes .n form and detat. can be made

without departing from the true scope of the invention.
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(AJ LENGTH: 30 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

Ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

CTGCTTAAGC CTCAATAAAG CTTGCCTTGA

(21 INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 29 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(DJ TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GGGTCTGAGG GATCTCTAGT TACCAGAGT

<2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:

(A) LENCTH: 23 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS : single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ IP NO:

TGTTCGGGCG CCACTGCTAG AGA

(2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:

5

CAACAGACGG GCACACACTA CT

(2) INFORMATION FOR SEQ ID NO:6t

(i) SEQUENCE CHARACTERISTICS:
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(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs

IB) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY; linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

AGTTGTGCCG GTCCTTTCCA AATTGGC

(2) INFORMATION FOR SEQ ID NO; 11:

<i> SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2S base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

CCGGGATAGT GCAGCAACAG CAACA

(2) INFORMATION FOR SEQ ID NO: 12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

CCCAGACGGT CAGTCGCAAC A

(2) INFORMATION FOR SEQ ID NO: 13:

(i) SEQUENCE CHARACTERISTICS:
(A| LENGTH: 26 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

TGGACGTGGT CAAGAGACAA CAAGAA

(2) INFORMATION FOR SEQ ID NO: 14:
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<i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 28 base pair*

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1

TAGACACAGG GGCTGACGAC TCAATAGT

(2) INFORMATION FOR SEQ ID NO: 19:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 28 base pairs

(B) TYPE: nucleic acid

(Ci STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

CACAGGGGCT GACGACTCAA TAGTAGCA

(2) INFORMATION FOR SEQ ID NO:20:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 35 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA {genoiaic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

GCCAAAAATG TTGATTGGGG TATCTCCTGT CATTA

(2) INFORMATION FOR SEQ ID NO:21:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 30 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

<D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:21

CCAAAAATAG TAGGGGGAAT AGGGGGATTC

(2) INFORMATION FOR SEQ ID NO:22:
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( 2> INFORMATION FOB SEQ ID NO:26:

(i) SEQUENCE CHARACTERISTICS;

(A) LENGTH: 26 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomi

(Xi) SEQUENCE DESCRIPTION: SEQ ID

GGGTCTGAGG GATCTCTAGT TACCAG

l2 )
INFORMATION FOR SEQ ID NO: 27:

U> SEQUENCE CHARACTERISTICS:

(A) LENGTH: 28 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genotuic

(xi) SEQUENCE DESCRIPTION: SEQ ID

GTATTACTAC TGCCCCTTCA CCTTTCCA

( 2) INFORMATION FOR SEQ ID NO: 28:

ii) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 25 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic

(xi) SEQUENCE DESCRIPTION: SEQ ID

CGGGATAGTG CAGCAACAGC AACAG

(2 ) INFORMATION FOR SEQ ID NO:29:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 22 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

<D) TOPOLOGY : linear

(ii) MOLECULE TYPE: DNA (genomic

(xi) SEQUENCE DESCRIPTION: SEQ ID

CCCCAGACGG TCAGTCGCAA CA
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(2) INFORMATION FOR SEQ ID NO: 34:

U) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
<C) 5TRANDEDNESS : single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi> SEQUENCE DESCRIPTION; SEQ ID NO: 34:

GCCAAAAATG TTGATTGGGG TATCTCCTGT CA 32

Claims

20

1. A method for amptfying nucleic acids from human immunodeficiency virus type 1 (HIV-1) compns.ng contacting

a sampi suspected of containing HIV-1 nucleic acid with four different nucleoside tnphosphates, a thermosuMe

D

"
Ap

ŵherein four oligonucleotides of said at least four oligonucleotides are selected from the sets:

2$

(a) SEQ ID NOS.: 1 , 3, 7, and 8;

(b) SEQ ID NOS.: 1,4,7, and 8;

(c) SEQ ID NOS.: 2, 3, 7, and 8; and

(d) SEQ ID NOS.: 2, 4, 7, and 8.

30

2. The method according to claim 1 wherein five oligonucleotides of said at least four oligonucleotides are selected

from the sets:

(a) SEQ ID NOS.: 1,2,3, 7, and 8;
^

35 (b) SEQ ID NOS.: 1,2,4, 7, and 8;

(c) SEQ ID NOS.: 2, 3, 4, 7, and 8;

(d) SEQ ID NOS.: 1,3,4, 7, and B; and

(e) SEQ ID NOS.: 1 , 2, 3, 4, 7 and 8.

The method according to claim 2 wherein said five oligonucleotides are SEQ ID NOS.: 2, 3, 4, 7, and 8.

The method according to claim 1 wherein six oligonucleotides of said at least four oligonucleotides are SEQ ID

NOS.: 1,2, 3, 4, 7, and 8

40 3.

4.

45 5.

SO

The method according to claim 1 wherein said thermostable DNA polymerase ThermUS

aquaticus polymerase, Thermus thermophilus polymerase, and Thermococcus Irtoral.s polymerase.

A method lor amplifying and delecting HIV-1 nucleic acid comprising:

(i) contacting a sample suspected of containing HIV-1 nucleic acid with fourM^K^^S^
a thermostable DNA polymerase, and at feast four oligonucleotides, under cond.t.ons such that sad HIV-1

nucleic acid is amplified, ^<rrtmlh0 c^
wherein four oligonucleotides of said at least four oligonucleotides arc selected from the sets.

(a) SEQ ID NOS.: 1, 3, 7, and 8;

(b) SEQ ID NOS.: 1, 4, 7, and 8;

(c) SEQ ID NOS.: 2, 3, 7, and 8; and

(d) SEQ ID NOS.: 2, 4, 7, and 8;



EP 0 887 427 A2

GACCAGATCTGAGCCTGGGAGCT (SEQ ID NO. 1)

CTGCTTAAGCCTCAATAAAGCTTGCCTTGA (SEQ ID NO. 2)

GGGTCTGAGGGATCTCTAGTTACCAGAGT (SEQ ID NO. 3)

TGTTCGGGCGCCACTGCTAGAGA (SEQ ID NO. 4)

CAACAGACGGGCACACACTACT (SEQ ID NO. 5)

GAACAGATGGGCACACACTGCT (SEQ ID NO. 6)

TCGGGTTTATTACAGGGACAGCAGAGA (SEQ ID NO. 7)

CTTGTATTACTACTGCCCCTTCACCTTTCCA (SEQ ID NO. 8)

AGCTTTGCTGGTCCTTTCCAAAGTGGG (SEQ ID NO. 9)

AGTTGTGCCGGTCCTTTCCAAATTGGG (SEQ ID NO. 10)

CCGGGATAGTGCAGCAACAGCAACA (SEQ ID NO. 11)

CCCAGACGGTCAGTCGCAACA (SEQ ID NO. 12)'

TGGACGTGGTCAAGAGACAACAAGAA (SEQ ID NO. 13}

GGGAGGTTCTCTCCAGCACTAGCA (SEQ ID NO. 14)

GAGCCCTGGCAGCTTCTCTCCA (SEQ ID NO. 15)

GCGACTAGGAGAGATGGGAACACACA (SEQ ID NO. 16)

CCACGCTTGCTTGCTTAAAGACCTC (SEQ ID NO. ID

TAGACACAGGGGCTGACGACTCAATAGT (SEQ ID NO. 18)

CACAGGGGCTGACGACTCAATAGTAGCA (SEQ ID NO. 19)

GCCAAAAATGTTGATTGGGGTATCTCCTGTCATTA (SEQ ID NO. 20)

CCAAAAATAGTAGGGGGAATAGGGGGATTC (SEQ ID NO. 21)

CACCCCAAAAATAGTAGGTGGGATAGGAGGG (SEQ ID NO. 22).

• uiw i onH wiv 9 nucleic acid comprising contacting a sample suspected of containing

nucleic acid is amplified.



(ii) denaturing said amplified HIV-1 nucleic acid to form single stranded nucleic acids; and

(iii) detecting the presence or absence ot said amplified HIV-1 nucleic acid.

7. The method according to claim 6 wherein said detection is accomplished using at least two oligonucleotide probes

5 selected from the sets:

(a) SEQ ID NOS.: 5 and 9;

(b) SEQ ID NOS.: 5 and 10;

(c) SEQ ID NOS.: 6 and 9; and

10 (d) SEQ ID NOS.: 6 and 10.

8 . The method according to claim 6 wherein said detection is accomplished using four oligonucleotide probes corre-

sponding to SEQ ID NOS.: 5, 6, 9, and 10.

75 9. The method according to claim 6 wherein said detection is accomplished using a probe which is labeled or capable

of being labeled with an enzyme.

10. A diagnostic kit useful for amplification of HIV-1 nucleic acid, said kit comprising:

20 (i) oligonucleotides corresponding to SEQ ID NOS.: 1.2,3, 4, 7, and 8; and

(ii) a thermostable DNA polymerase.

11. The diagnostic kit according to claim 10 which further comprises oligonucleotides corresponding to SEQ ID NOS.

5, 6, 9 end 10.

herein lour oligonueleolider, ol said a! leasl lour oligonucleotides are selected torn ine sets.

30

(a) SEQ ID NOS.: 11, 12, 14, and 16;

(b) SEQ ID NOS.: 11, 12, 15, and 16;

(c) SEQ ID NOS.: 11. 12, 18, and 20;

(d) SEQ ID NOS.: 11, 12, 19, and 20;

35 (e) SEQ ID NOS.: 14, 16, 18, and 20;

(f ) SEQ ID NOS/. 14,16,19, and 20;

(g) SEQ ID NOS.: 15, 16, 18, and 20; and

(h) SEQ ID NOS.: 15, 16, 19, and 20.

40 13. A composition comprising one or more of the following oligonucleotides:

45

50

55
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(21 INFORMATION FOR SEQ ID NO:30:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 22 base pairs

(B) TYPE: nucleic acid

(C! STRANDEDNESS: single

(D| TOPOLOGY : linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30:

CCCTGGGAGG TTCTCTCCAG CA

(2) I H FORMATION FOR SEQ ID NO: 31:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 22 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE; DNA (genonvic)

«

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:

CTGTTCCGGC GCCAACCTGC TA

t 2) INFORMATION FOR SEQ ID NO: 32:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 35 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (gencnUc)

(xi) SEQUENCE DESCRIPTION: SEQ IDNO:32:

CTGCACCTCA ATTCTCTCTT TGGAAAAGAC CAGTA

(2) INFORMATION FOR SEQ ID NO: 33:

(i) SEQUENCE CHARACTERISTICS

:

(A) LENGTH: 33 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION : SEQ ID NO; 33:

GCACCTCAAT TCTCTCTTTG GAAAAGACCA GTA

22
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(i) SEQUENCE CHARACTERISTICS;

(A) LENGTH: 31 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 22:

CACCCCAAAA ATAGTAGGTG GGATAGGAGG G

(2) INFORMATION FOR SEQ ID NO: 23:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 24 base pairs

{ B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

GACCAGATCT GAGCCTGGGA GCTC

(2) INFORMATION FOR SEQ ID NO: 24:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs

(E) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genonuc)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

CTGCTTAAGC CTCAATAAAG £TTGCCTTGA G

(2) INFORMATION FOR SEQ ID NO: 25:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25

GGTCTGAGGG ATCTCTAGTT ACCAGAGT

0887427A2_1.>



(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs

(B) TYPE; nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA {genomic)

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 14:

GGGAGGTTCT CTCCAGCACT AGCA

iZ) INFORMATION FOR SEQ ID NO: 15:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs

IB) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

lii) MOLECULE TYPE: DNA (genomic)

* (xi| SEQUENCE DESCRIPTION; SEQ ID NO: 15;

GAGCCCTGGG AGGTTCTCTC CA

(2) INFORMATION FOR SEQ ID NO: 16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic]

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:16:

GCGACTAGGA GAGATGGGAA CACACA

(2) INFORMATION FOR SEQ ID NO: 17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l

CCACGCTTGC TTGCTTAAAG ACCTC

(2) INFORMATION FOR SEQ ID NO: 18:

18
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(A) LENGTH: 22 base pairs

( b) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

<ii) MOLECULE TYPE: DNA (genondc)

txil SEQUENCE DESCRIPTION: SEQ ID NO: 6:

10

GAACAGATGG GCACACACTG CT

(2) INFORMATION FOR SEQ 3D NO: 7:

(i) SEQUENCE CHARACTERISTICS:
1$ (A) LENGTH: 27 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

20

25

30

35

40

;xij SEQUENCE DESCRIPTION: SEQ ID NO: 8:

CTTGTATTAC TACTGCCCCT TCACCTTTCC A

(2) INFORMATION FOR SEQ ID NO: 9:

(i) SEQUEHCE CHARACTERISTICS:

(A) LENGTH: 2*7 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

45 (D) TOPOLOGY: linear

<ii) MOLECULE TYPE: DNA (genomic)

SO (xi )
SEQUENCE DESCRIPTION: SEQ ID NO:9i

AGCTTTGCTG GTCCTTTCCA AAGTGGG

55
(2) iMFORW^TION FOR SEQ ID NO: 10:

22

(ii) MOLECULE TYPE: DNA (genomic)

Ui> SEQUENCE DESCRIPTION*. SEQ ID NO-.7:

TCGGGTTTAT TACAGGGACA GCAGAGA 2 -7

(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 31 base pairs

( B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

tii) MOLECULE TYPE: DNA
, (
genomic)

31

27

16
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Annex to the description

SEQUENCE LISTING

35

40

SO

55

(1) GENERAL INFORMATION:

(i) APPLICANT: BACKUS, JOHN V

ATWOOD, SUSAN M

CASEY, ANN I

10 RASMUS SEN, ERIC B

CUMMINS, THOMAS J

(iil TITLE OF INVENTION: AMPLIFICATION AND DETECTION OF HIV-1
U1

' AND/OR HIV-2

« (iii) NUMBER OF SEQUENCES: 34

(iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: JOHNSON I JOHNSON

(B) STREET: ONE JOHNSON * JOHNSON PLAZA

(C) CITY: NEW BRUNSWICK
20 (D) STATE: NEW JERSEY

\Z) COUNTRY: USA

\T) ZIP: 08933

« (v) COMPUTER READABLE FORM:

(A) MEDIUM TYPE: Floppy disk
25 {B) COMPUTER: IBM PC compatible

{ o j tunrw * k*rv. -* - • - *

(C) OPERATING SY5TEX: PC- DOS /MS -DOS

(D, SOFTWARE: Patentln Release #1.0, Version »1.25

tvi) CURRENT APPLICATION DATA:

(A) APPLICATION NUMBER:
30

< B) FILING DATE:

(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:

(A) NAME: OGDEN, STASIA L

IB) REGISTRATION NUMBER: 36,226

(C) REFERENCE/ DOCKET NUMBER: CDS-13T/SLO

(ixl TELECOMMUNICATION INFORMATION:

(A) TELEPHONE: 908-524-2819

(B) TELEFAX: 908*524-2806

|2) INFORMATION FOR SEQ ID NO:l:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 23 base pairs

IB) TYPE: nucleic acid
45 IC) STRANDEDNESS : single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic*

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l:

~r 23
GACCAGATCT GAGCCTGGGA OCT

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:

14
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in order to probe the product formed by SEQ ID NOS. 2 and 3. a probe must be
,
fit intc

>
a region only 34 nucleotides

in length. The most conserved sequence in this region is the sequence of the probe SEQ. ID NO. 5.

probe: CAACAGACGGGCACACACTACT (SEQ ID NO. 5)

10 these sequences, an additional probe was designed, SEQ ID NO. 6.

probe: GAACAGATGGGCACACACTGCT (SEQ ID NO. 6)

,s in the case of HIV-1 POL, both probes utilized were modified to minimize the highest number and severity of

mutlns encoulred/and to maxim* the strength of the bonds that do form. In doing this, both probes desjed

^JSSSSany known isolate sequences. In using two probes, the maximum number of mutatons encountered

X known isolates was reduced from 5 to 3. In additton, most of the remaining mutates>

are

,

^°^d -a °

of the ends of the probes, thus reducing their effect on hybridization. The sequences of the HIV-1 POL probes are

20 shown below:

25

30

35

AGCTTTGCTGGTCCTTTCCAAAGTGGG (SEQ ID NO. 9)

* AGTTGTGCCGGTCCTTTCCAAATTGGG (SEQ ID NO. 10)

The aforementioned situation described is similar for the sequences selected in the HIV-2 POL system in that 2

probes were uTed However, this situation is somewhat different in that the regions complementary to the two probes

a e overtapping but not identical in position. This is due to the fact that the sequence is divergent™£*^J»
xZsuSL of HIV-2 that one must modHy the position of the probe in order to achieve the required thermal stab Irty

reachpro«
to their subtype-specific HIV-2 probe. The two HIV-2 POL probe sequences are shown below.

CCAAAAATAGTAGGGGGAATAGGGGGATTC
(SEQ ID NO. 21)

CACCCCAAAAATAGTAGGTGGGATAGGAGGG (SEQ ID NO. 22)

The co-amplification system described above was tested on HIV-1 and HIV-2 samples. The detection probes used

40 for colorimetric detection were as follows:

HIV-1 LTR products:

CAACAGACGGGCACACACTACT (SEQ ID NO. 5)

45 GAACAGATGGGCACACACTGCT (SEQ ID NO. 6)

HIV-1 POL products:

5 • -AGCTTTGCTGGTCCTTTCCAAAGTGGG (SEQ ID NO. 9)

SO

55
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Table 1

70

75

20

25

30

35

40

45

SO

55

Screening of potential HIV-1 primer sets

10 copy Product Intensity Zero Target

Primer Combination SEQ ID NOS. 68°C 70°C Side Products

1/25 ++ \

)

1/3 ++ ++ \

)

1 / C\J ++ ++ \

)

1/4 ++ ++ {)

23/25 ++ ++ [•)

23/3 ++ ++

23/26 ++ (-)

Wvv23/4 ++

24/25 + w+ [')

24/3 ++ + f-\
V /

\ )24/26 ++ +

24/4 ++ (A

2/25 + w (-)

2/3 ++ + (-)

2/26 ++ + (-)

2/4 ++ ++ (-)

7/27 W- (-) (-)

7/8 + w- (-)

Gd Band Intensity: ++>+>W+>W>W->(-)

The next experiment was a co-amplification reaction of the SEQ ID NOS. 7/8 primer set and with all possible LTR

orimer sets individually. This coamplification was carried out in the presence ol an internal positive conlrol (IPC). Am-

plification was carried out using Johnson & Johnson Clinical Diagnostics' PCR analyzer, an automated PCR processor

described in U.S. Patent No. 5,089,233. HIV target was amplified for 40 cycles using three different thermal profiles.

(1) 95 °C denaturation for 15 seconds and 68 °C anneal/extend for 30 seconds;

(2) 95 "C denaturation for 15 seconds and 66 °C anneal/extend for 30 seconds; and

(3) 96 "C denaturation for 5 seconds and 68 "C anneal/extend for 40 seconds.

The amplified product was detected as described above.

Profile 1 was considered the state of the art condition, the second profile was used to determine which primer

combinations were prone to side product formation and the third profile was an attempt to make the amplification more

robust (by increasing the anneal/extend'time) without increasing the overall cycle time. All reactions were run with 10

copies each of HIV and IPC targets per 75 pi reaction.

Amplification was more robust with the third amplification profile, especially with primer sets which generate longer

(> 1 50 nucleotides) products. The results also demonstrated that SEQ ID NOS. 23, 24, and 4 all have a propensity to

form side products. Therefore, SEQ ID NOS. 23 and 24 were dropped. Further experiments were carried out with SEQ

ID NOS. 1, 2 and 3. ,._ . ...

Next the absolute sensitivity of two HIV-1 co-amplification systems (SEQ ID NOS. 1/3 or 2/3 co-amplified with

SEQ ID NOS 7/8) was tested. Reactions were run for 40 or 45 cycles (96
8C 5 sec; 68"C 40 sec either plus or minus

the IPC target and primers. HIV target levels of 10. 5, 2.5. 1 , 0.5 and 0 were run in duplicate for all cond.t.ons tested.

While the system which contained SEQ ID NOS. 2/3 had less side products formed during amplification (especially

at 45 cycles) both systems appeared able to consistently detect as few as 2.5 copios of HIV-1 target. In tho prosonco

of IPC the SEQ ID NOS. 1/3 co-amplification systems amplified one or both of the HIV products in 2 out of 4 replicates

at 1 copy and 1 out <*4 replicates at 0.5 copies. Under the same conditions, the SEQ ID NOS. 2/3 cc-ampl.ficatjon

systems amplified one or both of the HIV products in 3 out of 4 replicates at 1 copy and 4 out of 4 replicates at 0.5

copies All control reactions containing no target sequences run in this experiment were visually negative.

Following the same criteria outlined for HIV-1. HIV-2 primers were selected for testing. One additional criterion

10
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above They were f unctionalized at the 5' end with two amino tetraethylene glycol spacers according to U.S. Patent

^'oStok»»d by a ^gl. oommoK*,Ily -w-Bable DuPort bidln phoM»mmidtta.^•P^^' U,^2SS
ai the 3'end with two tetraethylene glycol spacers followed by a single aminodiol Unking group according to U.& Paten

No 4 914 ^ 0Tpur^

linkaoes in the ultimate and penultimate positions relative to the 3'-hydroxyl group were prepared by H-phosphate

cheSy according to the method of U.S. Patent No. 5.003,087. ateo described n the techn>ca. buHetm accompanying

rat Mo 40-4036-xx Glen Research, Sterling, Virginia.
.

» ^s^reptavidin-peroxidase conjugate soJion was used that comprised a commercially arable (S.gma Chemica.

Co ) coZaTe of steptavidin and horseradish peroxidase, casein (0.5%). and merthiolate (0.5%) ,na phosphate buff-

ered sale solution (24 mmolar sodium phosphate and 75 mmolar sodium chloride). 10 mmolar 4-*ydroxyacetan,l,de

^^^SHSSTpQ target was prepared as follows. The IPC sequence was generated as a single-

rs strandedSnS Ui* sites and directional* cloned into the pBluescript I. KS(-) plasmid vector Large scale cu -

t^^Zk^inlnB E- oCi were grown under ampicillin selection as previously descnbed SBmbr°ok et al.

Mdecu ar Cloning: A Laboratory Manual. Cold Harbour Press 1 989). Plasmid DNA was subsequent* purrfied on Q.a-

qen rtunnTuZ the appropriate reagents from the vendor and following the vendor's procedure. The resultmg pu-

20 SZasmidwTs^
sp^ho ometncally (Sambrook et a... 1989). The plasmid was subsequent* digested with the restr.ct.on enzyme

^ot^Ttte plasmid white maintaining an intact target sequence. Serial dilutions of all targets were earned out

in TE buffer with 10 mq/ml sonicated calf thymus DNA (Sigma).

TheLirdyedisp^
2S nvDimidazolc leucodye (250umolar). dicthy.cnctriaminc pentaacctk: acid (lOOumolar). 3-chloro-4^hydroxyacctann,dc

(5mmoS polyvinylpyrrolidone (112 mmolar), and sodium phosphate, monobasic. 1-hydrate (10 mmolar) and hydro-

960

?he

0

was

e

h sStTon^H ^Stained sodium chloride (373 mmolar). (ethylenedinitrilo)tetraace1ic
acid

I

disodium

salt [2 5 mmoter). decyl sodium sulfate (38 mmolar) and ethylcerithio salicylic acid, sodium salt (25 »mo.ar).n sod.um

30 phosphate, monobasic 1-hydrate buffer (25 mmolar).

The polymerase chain reaction mixture (75 ul) contained tris(hydroxymethy )am,nomethane

nH 8^ EDTA (0-0 75 mmolar) potassium chloride (50 mmolar), magnesium chloride (4 mmolar), dATP, dCTP. dQTP,

and dTTp{o fmM each), the' s'tated primers (0.4 .molar each unless otherwise noted), Type IV

Taq polymerase (16 units/100 ul). and glycerol 19.5%). Afifty fold molar excess (over polymerase) of TP1 -12.2 and a

35 *=>y pvrpss of TP4-9 2 were used. A x

To form capture reagents, the probes were covalently attached to polymeric particles (1 um average diameter)

prepared, usin conventional emulsion polymerizatbn techniques, from^^^^'^•^SS^
acid] (95-5 to 98:2 weight ratio. 1 um average diameter). A suspension of the particles in water was washed wrth 2-

(NXholino)ethanesulfonic acid buffer (0.1 motor, pH 6), and suspended to about 10% solids. A sample (3.3 ml) of

40 hV3edparticles.di^^
cTrbSimide hydrochloride (2.1 ml of 84 mg/ml water) and the probe (983 ul of 44.44 OD/m. nanopure wate^ The

resulting suspension was heated at 50>C in a water bath for about two hours wrth internment m.x.ng and centrrfuged.

(ethvlenedinitrilo)tetraacetic acid disodium salt (0.0001 molar) and resuspended therein to 4 /„ solids.

45

( TPon dilution to 0.25% solids wrth buffer, the capture reagents (1 -2 u.) were applied to and dried n drtnec.regions

of the microporous membranes (LOPRODYNE™ polamide membrane. 1 .2 um average pore size, 1torn Pal
I
CorpJ in

the test wells of SURECELL™ disposable test devices (available from Johnson & Johnson Clinical Diagnostics, Inc.),

which are described in detail in US-A-4948,561 (Hinckley el al).

Other reagents and materials were obtained either from commercial sources or prepared using read.ly ava.lable

so starting materials and conventional procedures.

ss

Experiments:

Primer Selection:

Applicants began development of their PCR amplification system for HIV-1 and HIV-2 by identifying highly con-

served sequence regions of HIV-1. Primers were designed to conserved regions utilizing the foiling crrtena: (1)

product lengths could not exceed 200 nucleotides, as smaller products amplify at higher eff.cency and are less sensrtwe

8
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The term -primer" refers loan oligonucleotide, whether naturally occurringorsynthetically produced that.s capable

of actinq as a point of initiation of synthesis when placed under conditions in which synthesis o a pnmer extens,on

p^c^l^ to a nucleic acid strand (that is. temptate) is induced, such conditions .nclude the presence of

other PCR reaqents. and suitable temperature and pH.

s The prime's preferably sing.e stranded for maximum efficiency in amplification, but can contain a double branded

region tf deXd. K must be long enough to prime the synthesis of extension products in the presence o
f
the DNA

poCerase The exact size of each primer will vary depending upon the use contemplated, the concentrate and

stuencTot the primer, the complexity of the targeted sequence, the reaction temperature, and he source o the

pXr GenlX the primers used in this invention will havefrom I2to60 nucleotides, and preferably, they havefrom

10 16 to 40 nucleotides. More preferably, each primer has from 18 to 35 nucleotides.

Primes u?e ul herein can be prepared using known techniques and equipment, inc.ud.ng for example an ABI DNA

SvntheS (ava table from Applied Biosystems) or a Biosearch 8600 Series or 8800 Ser.es Synthesizer (ava.laWe

inc.). Procedures for using this equipment are we.l known and descnbed for example .n u&

SniNo 4 965.188 (Gelfand et al.). incorporated herein by reference. Naturally occumng pnmers elated from

is bic^oaica°'sources may also be useful (such as restriction endonuclease digests). A set of at least two pnmers s

geTeS£J£ each targe, nucleic acid. Thus, a p.uralrty of sets of pnmers can be used simultaneous, to amplrty

3 P,

;fu
y
sS hSaToSIs an o.igonuCeotide which is substantia,, complementary to a nucleic acid sequence

of the target nucleic acid and which is used for detection or capture of the amplified target nucle.c ac.d

20 in lhe Presen, invention, sequence specific primers and probes are provided. It will be apparent lo those skilled .n

theartthatadd^
to eCthe 5" or 3' ends, which nucleotides are complementary or noncomplementary to the target sequence. Such

C°mTh:S—tr^^r^sent invention can, optionally, be labeled. Using known methods in

2S the art the primers and/or probes can be labeled with a specifb binding ligand (such as btotin). an enzymo such as

alucose oxidase peroxidases, uricase. and alkaline phosphatase), radioisotopes, electron^ense reagents, chro-

mogens Token's, phosphorescent moieties or ferritin. Preferably, the label is a specrfic binding Hgand. More pref-

erably the label is biotin or a derivative thereof, streptavidin or a derivative thereof, or a hapten

A "PCR reagent" refers to any of the reagents considered essentia, for PCR, name, a set o pnmer. ionBach

so target nucleic ack a DNA polymerase, a DNA polymerase cofactor, and one or more deoxyr.bonucleos.de-5 -tnphos-

phates (dNTPs) Other optional reagents, and materals used in PCR are described below. These reagents can be

nrovided individually as part of a test kit, or in reagent chambers of test devices.

n?SiSSS«e is an enzyme that will add deoxynucleoside monophosphate molecules to the 3- hydroxy end

of the primed a complex of primer and template, but this addition is in a template dependent manner. General,

35 sllesis of extension products proceeds in the 5' to 3' direction of the newly synthesized strand unt,l synthes.s .s

^S^S^p6^Jbbs include, for example, E. co„ DNA polymerase I, T4 DNA polymerase Klenow

oolvmerase reverse transcriptase and others known in the art. Prelerably. the DNA polymerase is thermostable mean-

ffS^^Teal an'd preferential, active at higher temperatures, especial, the high temperatures usedfor

specific criming and extension of DNA strands. More particularly, thermostable DNA polymerases are no substant^l,

40 nactre ale high temperatures used in polymerase chain reactions as described herein. Such temperatureswd^y

depend^ on a number ol reaction conditions, including pH. nucleotide composrtion, length of primers, salt concen-

tration and other conditions known in the art.
* » .

, ., lrt

A number of thermostable DNA polymerases have been reported in the art, including those mentioned .n deta.l in

U S PaS Nos a 965.188 (Gelfand et a..) and 4.889,818 (Gettand et a..), both incorporated herein by reference

45 ParticutaX useful polymerases are those obtained from various Thermos bacterial species, such as Thermos aquat-

lusTheLs themiophilus, Thermos fitiformis, and Thermos flavus. Other useful thermostable polymerases an ob-

ill various microba. sources including Thermococcus literate, Pyococcus furiosus, Thermotogasp^ a

e

described in WO-A-89/06691 (published Ju, 27. 1989). Some useful thermostable polymerases are commerc dlly

avaSabte such as, AmpliTaq® Tth. and UfTma® from Perkin Elmer. Pfu from Stratagene, and Vent and Deep-Vent

so Tom nIw Engtand Biolab, dumber of techniques are also known for isolating natura.ly^curring polymerases from

organisms, and for producing genetically engineered enzymes using recombinant techniques

A DNA polymerase cofactor refers to a nonprotein compound on wh.ch the enzyme depends for activrty. Thus the

enzyme is catalytical, inactive without the presence of cofactor. A number of materials are known cefaclors .nclud^ng,

b7not limrted to, manganese and magnesium salts, such as chlorides, sulfates, acetates and fatty acds salts. Mag-

ss nesium chlorides antfsulfates are preferred.

Also needed for PCR are two or more deoxyribonucleoside-5'-tnphosphates, such as two or more of dATP. dCTP.

dGTF. oTTP and dUTP. Analogues such as dITP and 7-deaza-dGTP are also useful. Preferab,. the four common

triphosphates (dATP. dCTP. dGTP and dTTP) are used together.

6
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(a) SEQ ID NOS.: 1 , 2, 3, 7, and 8;

(b) SEQ ID NOS.: 1 , 2. 4, 7, and 8;

(c) SEQ ID NOS.: 2, 3, 4. 7; and 8;

(d) SEQ ID NOS.: 1. 3, 4, 7, and 8: and

(e) SEQ ID NOS.: 1, 2, 3, 4, 7, and 8.

More preferred is the primer set containing oligonucleotides corresponding to SEQ ID NOS.: 2, 3, 4^7, and 8. Any

ofthesepltS
inSon to the primer set(s) the biological sample is also contacted with PGR reagents, such as

;

fou|rMM
nucleoside triphosphates and a thermostable DNA polymerase, under cond,t.ons such that any HIV-1 nucle.c acri

.0 •» P-en, in»e„,ion. P*,er 5eu a,e selec,ad ten ft.MM,
oligonucleotides:

HIV-2

ENV Region Primers:

CCGGGATAGTGCAGCAACAGCAACA (SEQ ID NO. 11)

CCCAGACGGTCAGTCGCAACA (SEQ ID NO. 12)

LTR Region Primers:

« GGGAGGTTCTCTCCAGCACTAGCA (SEQ ID NO. 14)

25 GAGCCCTGGGAGGTTCTCTCCA (SEQ ID NO. 15)

GCGACTAGGAGAGATGGGAACACACA (SEQ ID NO. 16)

POL Region Primers:
30

TAGACACAGGGGCTGACGACTCAATAGT (SEQ ID NO. 18)

CACAGGGGCTGACGACTCAATAGTAGCA (SEQ ID NO. 19)

GCCAAAAATGTTGATTGGGGTATCTCCTGTCATTA (SEQ ID NO. 20)

in the methods of the present invention, HIV-2 target nucleic acid is amplified by contacting a »^
suspected of containing H.V-2 nucleic acid with a primer set comprising at least four ol.gonucleot.des. Pnmer sets

suitable for use in the present invention include but are not limited to,

40 (a) SEQ ID NOS.: 11, 12, 14, and 16;

(b) SEQ ID NOS.: 11, 12, 15, and 16;

(c) SEQ ID NOS.: 11, 12, 18, and 20;

(d) SEQ ID NOS.: 11, 12, 19, and 20;

(e) SEQ ID NOS.: 14, 16. 18, and 20;

45 (I) SEQ ID NOS.: 14, 16, 19, and 20;

(g) SEQ ID NOS.: 15, 16, 18, and 20;

(h) SEQ ID NOS.: 15, 16, 19, and 20.

Preterred is the primer set containing oligonucleotides corresponding to SEQ ID NOS.: 11.12, 14 and 16. Any of

so these primer sets can be used to amplify nucleic acid from all known HIV-2 subtypes.
^„oran,

^ addition to the primer set(s) the biological sample is also contacted with PCR reagents, such as four Afferent

nuc.e^side^

^TampS^^
55 tooether Jim an HIV-2>primer set of the present invention. Preferably, the biological sample .s contacted wrth d^onu-

l^^^i to SEQ ID NOS : 2, 3. 4. 7, 8, 11. 12. 14, and 16. Use of such a set of primers can amphfy

tarqet nucleic acid of any known HIV-1 and/or HIV-2 subtype present in the sample.

The methods of the present invention utilise, in some cases, more than two primers to amphfy target nuc.e.c acd

4
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RArKPSROUND OF THE INVENTION

1 Field of the Invention

The present invention relates to methods and test kits for the amplification and detection of human immunodefi-

ciency virus (HIV), In particular, the present invention relates to PCR methods that use multiple primer sets to amplify

all subtypes of HIV-1, including group M and group O isolates, and all subtypes of HIV-2.

2. Background Information

Progress has been made in our understanding of acquired immunodeficiency syndrome (AIDS) and its causative

aqent. the human immunodeficiency virus (HIV). Two groups of human immunodeficiency viruses, HIV-1 and HIV-2,

is have been identified. HIV-1 and HIV-2 are genetically related, but are nevertheless distinct. Both HIV-1 and HIV-2 show

considerable genetic variably among their different isolates. Indeed, ten subtypes of HIV-1 (group M comprising

subtypes A to I and group O comprising subtype O) have been identified. While consensus sequences have been

generated for HIV-1 and HIV-2 from published nucleotide sequences of various HIV-1 and HIV-2 isolates, it is impossible

to find substantial regions of absolute sequence conservation between all isolates of HIV-1 or all isolates of HIV-2. In

20 addition to the genetic variability found among HIV isolates, many nucleotide regions ol HIV are as highly conserved

between HIV and non-related viruses as they are within the HIV-1 and HIV-2 families. These facts, taken together,

make it extremely difficult to design polymerase chain reaction (PCR) primer and probes that will efficiently detect all

group M and group O subtypes of HIV-1 and all HIV-2 subtypes without falsely detecting non-related viruses.

One of the challenges facing those attempting to develop amplification systems that detect all known HIV-1 and

25 HIV-2 subtypes is the development of oligonucleotide primer sets which perform adequately when used together under

a single set ol amplification conditions (such as, salt conditions, temperatures, and amplification times). Identifying

primers and detection probes that are compatible in terms of primer-primer and primer-probe interactions is an even

greater challenge. Thus, in the case of the amplification and detection of HIV-1 and/or HIV-2, steps maximizing the

probability of detecting highly divergent subtypes or isolates under less than ideal conditions are still needed.

30

SUMMARY OF THE INVENTION

The present invention overcomes the above-noted problems and provides a needed means of amplifying and

detecting highly divergent HIV-1 and/or HIV-2 isolates. Thus, it is an object of the present invention to provide methods

35 and test kits for the detectbn of all known HIV-1 subtypes and/or HIV-2 subtypes.

Various other objects and advantages of the present invention will be apparent from the detailed description of the

'"^"n one embodiment, the present invention relates to a method for amplifying HIV-1 nucleic acids. The method

comprises contacting a sample suspected of containing HIV-1 nucleic acids with four different nucleoside triphosphates,

40 a thermostable DNA polymerase, and at least four oligonucleotides, under conditions such that HIV-1 target nucleic

acid is amplified. The four oligonucleotides are selected from the sets:

(a) SEQIDNOS.: 1, 3.7, and 8;

(b) SEQIDNOS.: 1,4,7, and 8;

45 (c) SEQ ID NOS.: 2, 3, 7, and 8; and

(d) SEQ ID NOS.: 2, 4, 7, and 8.

In another embodiment. Ihe present invention relates to a method (or amplifying HIV-2 thai comprises contacting

a sample with four different nucleoside triphosphates, a thermostable DNA polymerase, and at least four oligonucle-

so otides, under conditions such that HIV-2 target nucleic acid is amplified. The four oligonucleotides are selected from

the sets:

(a) SEQ ID NOS.: 11, 12, 14, and 16;

(b) SEQ ID NOS.: 11, 12, 15, and 16;

55 (C) SEQ ID NOS.--11 , 12, 18, and 20;

(d) SEQ ID NOS.: 11, 12, 19, and 20;

(e) SEQ ID NOS.: 14, 16, 18, and 20;

(f) SEQ ID NOS.: 14, 16, 19, and 20;
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